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, $‘=d/dt$ , $a(t),$ $b(t),$ $c(t)$ $t>0$





, ( , [1,3,41 )






, $\phi_{p}(w)$ $w=\phi_{p}(z)$ , $P>1$
, $p^{*}$ 1
$(S)$ $(x(t), y(t))\equiv(00)$ $(S)$
,
, , (00)
$a(t),$ $b(t),$ $c(t)$ $klm$ , $(H)$
$k(\phi_{p}(x’))’+l\phi_{p}(x’)+m\phi_{p}(x)=0$ (1.1)
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(1.1) $x(t)=e^{\lambda t}$ ,
$k(p-1)\phi_{p}(\lambda)\lambda+l\phi_{p}(\lambda)+m=0$ (12)
Sugie et al. [121 (1.2) $\lambda$ ,







$a(t)b(t)>0$ $(t>0)$ $\mathfrak{p}_{1’}\supset$ $\lim infa(t)b(t)>0$ (1.4)
$a(t)c(t)>0$ $(t>0)$ $t1’\supset$ $\lim\inf a(t)c(t)tarrow\infty>0$ (1.5)
, (1.5) , (L4)
, $a(t)$ $b(t)$
Theorem 1. $a(t),$ $b(t),$ $c(t)$ $t>0$ , (1.5)
,
$\psi(t)=\frac{p^{*}b(t)}{a(t)}+\frac{(\phi_{p}\cdot(a(t))c(t))’}{\phi_{p^{*}}(a(t))c(t)}$ (16)
$t>0$ weakly integrally posidve , $(S)$
, (1.3) , Theorem 1




2 , Theorem 1
Hatvani [51 3 ,
, ,
69
2 Proof of the main theorem
, $\psi(t)$ (1.7) $(S)$
, Hatvani [81 (1.7)




([5-7, 11, 14] ) , .\Delta $>0$
$\tau_{n+1}\leq\sigma_{n}+\Delta$
, $\psi(t)$ weakly integrally positive , $\psi(t)=1/(1+t)$
$\psi(t)=\sin^{2}t/(1+t)$ weakly integrally positive , integrally positive
, $\psi(t)$ integrally posifive weakly integrally positive , $\psi(t)$
, (1.7)
2
Step 1: $(S)$ ,
Step 2: $(S)$ $(0,0)$
Step 1. $V(t, x, y)$
$V(t,x,y)= \frac{|y|^{p}}{p^{*}\phi_{p^{*}}(a(t))c(t)}+\frac{|x|^{p}}{p}$ (22)
$a(t)$ $c(t)$ , $t>0$
$0<\omega\leq\phi_{p^{*}}(a(t))c(t)\leq\alpha$ (23)
$\alpha$ $\omega$ , $(t, x, y)\in(0, \infty)x\mathbb{R}^{2}$
$\frac{|y|^{p}}{p^{\iota}\alpha}+\frac{|x|^{p}}{p}\leq V(t, x, y)\leq\frac{|y|^{p^{*}}}{p\omega}*+\frac{|x|^{p}}{p}$
, $V(t, x, y)$ ,
$t>0$ , $|x|+|y|arrow\infty$
$V(t,x,y)arrow\infty$
, $\psi(t)$ (1.5) , $t>0$
$\dot{V}_{tS)}(t, x, y)=-\frac{|y|^{p^{*}}\psi(t)}{p^{*}\phi_{p^{*}}(a(t))c(t)}\leq 0$ (2.4)
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, ( [2, 10, 13] ) , $(S)$
, (Step 1 )
Step 2. $(S)$ $(x(t), y(t))$ , $t_{0}>0$ Step 1
$x(t)$ $y(t)$
$v(t)=V(t, x(t),y(t))= \frac{|y(t)|^{p^{*}}}{p^{*}\phi_{p}\cdot(a(t))c(t)}+\frac{|x(t)|^{p}}{p}$ (2.5)
(24) , $t\geq t_{0}$
$v’(t)=-z(t)\psi(t)\leq 0$ (2.6)
, $v(t)$ , $v(t)$ $v0$ $a(t)$ ,




, $\lim_{tarrow\infty}z(t)=0$ (1.5) $a(t),$ $c(t)$ $t>0$
, $z(t)$ $t\geq t_{0}$ , $z(t)$
Claim 1: $\lim\inf_{larrow\infty}z(t)=0$ . $\lim\inf_{tarrow\infty}z(t)>0$ , $\epsilon_{0}>0$
$T\geq t_{0}$ , $t\geq T$ $z(t)>\epsilon_{0}$ $t\geq t_{0}$ $v(t)\geq 0$
(2.6)
$v(t_{0}) \geq v(t_{0})-v(t)=-\int_{t_{0}}^{l}v’(s)ds=\int_{to}^{t}z(s)\psi(s)ds$
, $\psi(t)$ wealdy integrally posifive
$v(t_{0}) \geq\int_{to}^{\infty}z(s)\psi(s)ds>\epsilon_{0}\int_{T}^{\infty}\psi(s)ds=\infty$
, $\lim\inf_{tarrow\infty}z(t)=0$
Claim 2: $\lim\sup_{tarrow\infty}z(t)=0$. $\lim\sup_{tarrow\infty}z(t)>0$ , (1.5)
$b(t)$ , $\beta$ $\gamma$ , $t\geq 0$
$\beta\leq a(t)c(t)$ and $|b(t)|\leq\gamma$ for $t>0$ (2.7)
$\epsilon>0$
$\gamma(p^{*}\alpha\epsilon)^{1/p}<\beta(p(v_{0}-\epsilon))^{1/p^{*}}$ (2.8)
Claim 1 , $\lim\inf_{tarrow\infty}z(t)=0<$ $\lim\sup_{tarrow\infty}z(t)$
, 2 $\{\tau_{\mathfrak{n}}\}$ $\{\sigma_{n}\}$
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: $t_{0}<\tau_{n}<\sigma_{n}<\tau_{n+1}$ , $z(\tau_{n})=z(\sigma_{n})=\epsilon$ , $t\in(\tau_{n}, \sigma_{n})$
$z(t)>\epsilon$ , , $t\in(\sigma_{n}, \tau_{n+1})$ $0\leq z(t)<\epsilon$
, (2.5) , $t\in[\sigma_{n}, \tau_{n+1}]$
$\frac{|x(t)|^{p}}{p}=v(t)-z(t)\geq v_{0}-\epsilon>0$
$|\phi_{p}(x(t))|=|x(t)|^{p-1}\geq(p(v_{0}-\epsilon))^{1/p}$
, (2.7) , $t\in[\sigma_{n}, \tau_{n+1}]$
$a(t)c(t)|\phi_{p}(x(t))|\geq\beta(p(v_{0}-\epsilon))^{1/p}>0$ (2.9)
, (2.3) , $t\geq t_{0}$
$\frac{|y(t)|^{p^{*}}}{p\alpha}*\leq z(t)<\epsilon$
, $|y(t)|\leq(p^{*}\alpha\epsilon)^{1/p}$ , (27) , $t\in[\sigma_{n}, \tau_{n+1}]$
$|b(t)y(t)|\leq\gamma(p^{*}\alpha\epsilon)^{1/p^{*}}$ (2.10)




, $a(t)$ , $t>0$ $|a(t)|\leq\overline{a}$
, $\mu$
$\mu=\frac{\beta(p(v_{0}-\epsilon))^{1/p^{*}}-\gamma(p^{*}\alpha\epsilon)^{1/p}}{\overline{a}}$
( $\epsilon$ , $\mu>0$ ), $t\in[\sigma_{n}, \tau_{n+1}]$




$\mu$ $n$ , Step 1 ,
, $y(t)$ $t\geq t_{0}$ ,
$\Delta>0$
$\tau_{n+1}\leq\sigma_{n}+\Delta$ for $n\in N$ (2.11)
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, $\psi(t)$ wealdy inteyally positive (2.11)
$\lim_{narrow}\inf_{\infty}(\sigma_{n}-\tau_{n})=0$ (2.12)
, $\nu=\lim\sup_{tarrow\infty}z(t)$ , $\nu>\epsilon$ Claim]
, 2 $\{t_{i}\}$ {si} :to $<t_{t}<si$ $<t_{t+1}$
, $z(t_{i})=\nu/2$ $z(s_{i})=3\nu/4$ , $t\in(t_{i}, s:)$
$\frac{\nu}{2}<z(t)<\frac{3\nu}{4}$
$\{t_{i}\}$ , {si} $\{\tau_{\mathfrak{n}}\},$ $\{\sigma_{\mathfrak{n}}\}$ , $i\in N$ $n\in N$
$[t_{i}, s_{i}]\subset[\tau_{n}, \sigma_{n}]$ , (2.12)
$\lim\inf(s_{i}-t_{i})iarrow\infty=0$ (2.13)






$s_{i}$ , $i\in N$
$\frac{\nu}{4}=z(s_{i})-z(t_{i})\leq L(s_{i}-t_{i})$
(2.13) , $\nu=0$ , $\lim_{tarrow\infty}z(t)=0$
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$a(t)$ $c(t)$ Claim 2 , $tarrow\infty$ , $y(t)$
$0$ $tarrow\infty$ , $v(t)arrow v_{0}>0$







, $T>t_{0}$ $M>0$ , $t\geq T$ , $|y’(t)|\geq M$
$T$ $t\geq T$
$|y(t)-y(T)|=| \int_{T}^{t}y’(s)ds|=\int_{T}^{t}|y’(s)|ds\geq M(t-T)$
, $tarrow\infty$ $y(t)$ $0$ , $v_{0}=0$
(Step 2 )
3 Examples and simulations
, , $(S)$
, , ,
$t_{0}>0$ , , $(S)$
, ,
, $P$ 3 , $p^{*}=3/2$
Example 1. $a(t),$ $b(t),$ $c(t)$
$a(t)=e^{=1/(1+t)}$ , $b(t)= \frac{\sin^{2}t}{1+t}-\frac{1}{(1+t)^{2}}$ , $c(t)=e^{-4/(1+t)}$
, $(S)$
$t\geq 0$ , $1/e<a(t)<1,$ $-1<b(t)<1,1/e^{4}<c(t)<1$






, $t>0$ , weakly integrally positive
, Theorem 1 , $(S)$
(a) (b)
Fig. 1. Example 1
Figuoe 1(a) $t_{0}=1$ , $(x_{0}, y_{0})=(O, 10),$ $(-4,10)$ ,
$(-6,4),$ $(-6,0)$ 4 , Figure 1 (b)
$(-4, -4)$ , $t_{0}=1,3,5,7$ Figure 1
,
, Figure 1
$a(t),$ $b(t),$ $c(t)$ ,
Example 2. $a(t),$ $b(t),$ $c(t)$
$b(t)=\sin t$ , $a(t)=c(t)=\{\begin{array}{ll}1 if t\in[2(m-1)\pi, (2m-1)\pi],-1 if t\not\in[2(m-1)\pi, (2m-1)\pi]\end{array}$
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, $m\in N$ , $(S)$
, $a(t),$ $b(t),$ $c(t)$ , $t>0$
$a(t)c(t)=1$ , (1.4) , $\psi(t)=3|\sin t|/2$ ,
$t>0$ , weakly integrally positive , Theorem 1
, $(S)$
(a) (b)
Fig. 2. Example 2
Figure 2(a) $t_{0}=1$ , $(x_{0}, y_{0})=(3,15),$ $(0,15)$ ,
$(-6,0),$ $(-3, -10),$ $(0,10)$ 5 $r’.,$ $Figu\infty 2(b)$
$(-5, -5)$ . , $t_{0}=0.2,0.4,0.6,0.8,1.0,1.2,1.4,1.6.1.8,2.0$
Figure 2 ,
$a(t),$ $b(t),$ $c(t)$
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